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Abstract 

We discuss spacecraft-spacecraft Doppler tracking as a detector of gravitational radiation, in 
which one-way and hvo-way Doppler data recorded onboard the two spacecraft are time-tagged and 
telemdered buck to Earth, By linearlg combining the four Doppler data setslll, we derive a method 
for reducing by several orders of magnitude, at selected Fourier components, thefrequency fluctuation 
due to the clocks onbwrd the spacecraft. The nonzero gravitational wave signal remaining at these 
frequencies makes this spacecraft-spacecraft Doppler tracking kchnique the equivalent of a xylophone 
inte$erometer detector of gravitational radiation.l221 In the assumption of calibrating the frequency 
fluctuations induced by the interpkanetarg plasma, a strain sensitivity of 3.7~10- '~ at lo-% Hz is 
estimated. 

Experiments of this kind could be performed by Mure interphnotarg multi-spacecraft missions 
planned by the National h r o ~ u l i c ~  and Space Administration (NASA). 

MOTIVATIONS 

The New Mjllenjum Program is planning to launch multi-spacecraft missions. 

Dopplerlranging measurements between spacecraft can potentially decrease reliance on 
ground-based tracking.141 

Possible backup option for space-based laser interferometers in case of failure. 

WHAT IS A XYLOPHONE? 

A detector displaying a significantly enhanced sensitivity at selected Fourier components! 

How can we make a "narrowband" detector out of Doppler tracking?[sl 
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TWO-WAY DOPPLER RESPONSE 
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(ArmstrongI'l). 

XYLOPHONE INTERFEROMETER 

The two one-way Doppler data are linearly combined to minimize the rms noise level.[sl 4 

ulb(t) = &(t) + C.(t - L) - Cb(t) + Bo(t - L) + Bb(t) + &(t - L) + ELlb(t) 

By taking the Fourier transform of the following two linear combinations: 



i we derive the following expressions in the Fourier domain: 

I G(f) ,  C ( f )  assume the following form at the Xylophone frequencies fit, fi*-1 



If L = 1 AU, and Af = 3 x lo-'Hz 

L = 1 AU, f = 5 x Hz, and Af = 3 x lo-' Hz, imply: 

AL= 1.0 x lo5 km 

S,(ft) = One-sided Power Spectral Density of the remaining noise sources at the Xylophone 
frequencies ft. 

CONCLUSIONS 

We have shown how frequency fluctuations due to the onboard clocks can be reduced by 
several orders of magnitude at selected Fourier components (Xulophone Interferometer) . We will investigate how this technique can be extended to other tests of relativistic gravity. 
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4-Links (Vessot's) Method 

Atomic a d  I (Urn) 

Atomic Clock 



L=114AU-4m HGA 


